Despite much recent interest in the middle ear and hearing of subterranean mammals, there is very little information in the literature regarding the middle ear apparatus of tuco-tucos (Rodentia: Ctenomyidae). In this study, the middle ear apparatus of Ctenomys sociabilis was dissected and is described for the first time. The middle ear structures of this species proved to be very similar to those of other caviomorph rodents; for example, in the bullet-shaped malleus head and in the fusion of the malleus and incus. The caviomorphs represent a rather conservative group in this respect. The m. stapedius is not present in C. sociabilis-loss of middle ear muscles is a common trend among fossorial mammals, but this particular feature has been reported in many other members of the superfamily Octodontoidea. Although the middle ear apparatus of C. sociabilis includes features consistent with the fossorial paradigm, some of which might be interpreted as low-frequency adaptations, it is not obviously specialized relative to other caviomorphs in this respect.
The adaptation to environment of the auditory apparatus of subterranean mammals has been of interest in recent years (Burda et al. 1990; Francescoli 2000; Mason and Narins 2001) . Behavioral studies of air-borne audition in several species of fossorial rodents (Bronchti et al. 1989; Brückmann and Burda 1997; Heffner and Heffner 1990 , together with evidence suggesting seismic sensitivity in mole-rats (Rado et al. 1989 (Rado et al. , 1998 and golden moles (Lombard and Hetherington 1993; Mason 2003a; Mason and Narins 2002; Narins et al. 1997) , have led to a renewed interest in the middle ear apparatus of subterranean animals. The middle ear structures of talpid moles (Talpidae), golden moles (Chrysochloridae), mole-rats (Spalacinae and Bathyergidae), pocket gophers (Geomyidae) and the marsupial mole (Notoryctidae) have been described in some detail (e.g., Burda et al. 1992; Forster Cooper 1928; Mason, 1999 Mason, , 2001 Mason, , 2003b Mason and Narins 2002; Segall 1970 Segall , 1973 Stroganov 1945; von Mayer et al. 1995; Wilkie 1925 Wilkie , 1929 Wilkins et al. 1999) . Although some golden moles possess extraordinarily large auditory ossicles, most fossorial mammals lack such obvious specializations of their middle ear apparatus. However, common trends include a reduction or loss of middle ear muscles, and auditory ossicles loosely suspended within the tympanic cavity (Burda et al. 1992; Mason 2001) .
The Ctenomyidae are a monogeneric South American family representing the most speciose group of extant subterranean rodents . Recent molecular studies (Honeycutt et al. 2003; Huchon and Douzery 2001; Nedbal et al. 1994) place the family within the monophyletic superfamily Octodontoidea, itself within the infraorder Caviomorpha, within the suborder Hystricognathi. Although ctenomyids have been mentioned in the context of wider studies on the ear region of mammals (Hinchcliffe and Pye 1969; Lavocat and Parent 1971; Parent 1976; Pye 1972 Pye , 1977 Pye and Hinchcliffe 1976; Segall 1973) , their middle ear structures have never been described in more than cursory detail. Details of ossicular morphology in Ctenomys species are almost entirely lacking and no illustrations are apparently available.
Both Ctenomys talarum and C. pearsoni issue vocalizations biased towards low frequencies (Francescoli 1999; Schleich and Busch 2002) . Low frequency airborne sounds have been found to travel best in the tunnels of the mole-rat Nannospalax (formerly Spalax) ehrenbergi (Heth et al. 1986 ) and the acoustics of other burrow systems are probably similar. In a recent paper, Schleich and Vassallo (2003) conclude that the bullar volume is relatively larger in ctenomyids than in surfacedwelling caviomorphs, and argue that this might be an adaptation to augment low-frequency hearing. It would clearly be of interest to see if other aspects of middle ear morphology are adapted toward low frequency sensitivity. In the present study, the middle ear apparatus of a tuco-tuco species is described in detail for the first time.
MATERIALS AND METHODS
Four specimens of C. sociabilis, from the collections of the Museum of Vertebrate Zoology, University of California, Berkeley, California, United States, were examined. These animals originally came from a captive population maintained on the Berkeley campus, the founders of which were captured in Neuquen Province, Argentina, in January 1997. Specimens 1 and 2 (MVZ 206778, 206779) were males, obtained as frozen corpses, and were examined in the Department of Physiological Science, University of California, Los Angeles. The formalin-preserved heads of specimens 3 (female; MVZ 206776) and 4 (male; MVZ 206777) were examined in the Department of Zoology, University of Cambridge, United Kingdom. Body masses of specimens 3 and 4 and sexes of all specimens were determined by E. A. Lacey.
The frozen specimens were defrosted and decapitated; the left ears only were dissected and examined under a binocular light microscope using magnifications of up to 50Â. Condylobasal length was measured to the rostral surfaces of the upper incisors. In each case, the jaw musculature was cut through, the mandibular symphysis was separated, and the left dentary was removed. Auditory bullae were exposed by removal of soft tissue. An incision was made in the ventral bullar wall sufficient to expose the tendon of the m. tensor tympani, which was then severed with a scalpel: this avoided damage to the malleus and tympanic membrane in later stages of the dissection procedure. Next, a circular incision was made in the bony bullar wall medial to the tympanic annulus. The entire lateral wall of the bulla, including the annulus and bony external auditory meatus, was carefully prised from the rest of the skull.
The internal surface of the tympanic membrane was examined and its area calculated (see Mason 2001) . It was positioned in a plane perpendicular to the axis of the microscope, whereupon scale diagrams were constructed on graph paper using a calibrated grid eyepiece lens. The squares enclosed within the perimeter of the diagram were manually counted, and the area was calculated as for a flat surface using the appropriate scaling factor. The area of the stapes footplate was calculated in a similar way. The rotatory axis of the malleus and incus was considered to extend between the short process of the incus and anterior process of the malleus. The malleus and incus lever arms were defined as the perpendicular distances from the rotatory axis to the tip of the manubrium or center of the lenticular apophysis, respectively; these measurements are often used in models of middle ear function (see e.g., Dallos 1984) . Measurements of the malleus and incus lever arms were made using scale drawings constructed of the ossicles.
The ossicles of specimen 2 were weighed on a Sartorius Research R200D balance (Sartorius AG, Goettingen, Germany); those of specimens 3 and 4 were weighed on a Cahn model 29 automatic electrobalance (Cahn Instruments, Cerritos, California).
RESULTS
The mean body mass of the four specimens examined was 395 g (SD ¼ 61 g); the mean condylobasal length was 52.2 mm (3.7 mm).
The external ear, middle ear cavity and tympanic membrane.-The pinnae of C. sociabilis are very small, rounded and fleshy, projecting only a few mm from the surface of the head. They are easily obscured by the long head hairs, but they themselves only support a few finer hairs around the dorsal and rostral margins and some short hairs within the meatus. The cartilaginous external auditory meatus is short and straight. In 2 specimens (2 and 3), it was partially occluded with cerumen.
Although occupying quite a large area on the base of the skull, the bulla is not particularly inflated dorsally or ventrally. It is composed of thick, opaque bone, the bone over the recessus meatus being especially thick. The rest of the bulla is elongated rostro-caudally, the rounded caudal extent of the bulla being on a level with the occipital condyles. The rostral part of the bulla comes to a point (the styliform process) near the nasopharynx. The bony external auditory meatus is flaskshaped, the long neck region opening into a widened recessus meatus. Because the external meatus originates towards the posterior part of the bulla, the bulla in ventral view has a triangular shape. The caudal part of the bulla is covered with the origin of the m. digastricus: lateral to this, and caudal to the bony external meatus, are the insertions of the m. sternomastoideus and m. cleidomastoideus. A tympanohyal element was not found; the stylohyal was apparently connected to the caudal bullar region only by means of a thin ligament and muscles.
The jugular foramen and associated nerves are located in the usual position between the bulla and the basioccipital. A smaller nerve, arising from a ganglion medial to the bulla, was found entering the bulla just rostral to the jugular foramen. In 2 specimens (2 and 3) this nerve branched and entered the bulla through 2 separate foramina. Inside the bulla, only 1 branch could be traced, travelling laterally inside a bony tube before losing the tube to continue laterally and then turning rostrally over the promontory. This probably represents the internal carotid nerve, carrying sympathetic fibers to the head from the superior cervical ganglion. Another small nerve, probably the chorda tympani, was identified leaving the rostrolateral part of the bulla just rostral to the bony external meatus. No trace of the internal carotid artery was found.
Internally, the middle ear cavity (Fig. 1C) is incompletely divided into a dozen or so subcavities by large, prominent septa. The middle ear cavity of C. talarum has been described as trabeculated (Hinchcliffe and Pye 1969; Pye 1972; Pye and Hinchcliffe 1976 ), but although this might imply anastamosing bony spicules, only wide buttresses are present in C. sociabilis. The deep subcavities extend around the promontory caudally, ventrally, and rostrally; the pointed rostral extremity of the bulla is inflated. These cavities also extend laterally around the recessus meatus, so the annulus supporting the tympanic membrane appears to project into the bulla. The epitympanic recess, a wide chamber free of septa, is fairly extensive dorsally. The cochlear promontory is rounded and rather small, projecting from the dorsomedial side of the tympanic cavity. Caudal to this, the semicircular canals impress slightly into the medial wall of the bulla, as does the bony tube containing the facial nerve. The body of the small m. tensor tympani is confined within a recess just dorsal to the promontory. Rostral to this recess is a short canal which leads into the eustachian tube. The oval window is caudal and dorsal to the promontory, and the round window just ventral to this, between the promontory and the semicircular canals. As in many mammals, the mucosa lining the middle ear cavity is so thin that the interior of the cavity appears to be naked bone.
The tympanic membrane (pars tensa; Fig. 1B ) is rounded, its rostro-caudal diameter being only slightly longer than its dorsoventral diameter. Its mean area was 18.79 mm 2 (SD ¼ 1.24 mm 2 , n ¼ 4). No pars flaccida was discernable. As mentioned earlier, both the tympanic annulus and the recessus meatus are supported by septa caudally, ventrally, and rostrally, and the tympanic membrane is therefore surrounded with air-filled cavities continuous with the tympanic cavity.
Auditory ossicles and their attachments.-The malleus of C. sociabilis (Figs. 1A, 1B, 2, 3 ) has a bullet-shaped head, with a dorsal ''hump'' and a tapering rostral tip. A flexible, triangular anterior process extends rostrally from the area between the malleus head and the base of the manubrium, its tip articulating with the tympanic cavity wall near the dorsal border of the tympanic annulus. The ventral part of the head of the malleus is slightly excavated by a shallow fossa, medial to the anterior process. Caudally, there is a wide labrum surrounding the articulation with the incus.
The manubrium is short and triangular from a rostral view. There is a very prominent and robust lateral process continuing into a wide inserting margin. The tympanic membrane seems to be directly attached to the entire length of the manubrium (Fig.  1A) . The central part of the manubrium is thin, the internal margin slightly thickened. The muscular process for the insertion of the m. tensor tympani (Fig. 2) , roughly one-third of the way down the length of the manubrium, forms a thickened knob.
The incus of C. sociabilis (Figs. 1A, 1B, 2, 3) is unremarkable, consisting of a broad body tapering into two stout, conical processes. The tip of the long process is inflected inward to form a thin pedicle which supports a relatively small lenticular apophysis.
The stapes (Figs. 1D, 1E , 2, 4) is shaped like a triangular stirrup, with a long neck and a poorly demarcated articulation facet at the head. The narrow crura are internally hollowed by deep sulci, as is the neck. The dorsal laminae of the crura and neck are better developed than the ventral laminae, resulting in the sulci appearing partially opened ventrally. The exterior surface of the posterior crus shows variable, small excavations where it flares to contact the footplate. The footplate itself is roughly oval in shape, but with a more pointed caudal end (Fig.  1B) . The ventral edge is straighter than the dorsal edge. The mean footplate area was 0.713 mm 2 (SD ¼ 0.031 mm 2 , n ¼ 4). The labrum is moderately well-developed, especially at the caudal pole, and the center of the footplate is slightly convex towards the vestibule of the inner ear. There is no muscular process. The mean stapes mass was 0.19 mg (SD ¼ 0.01 mg, n ¼ 3).
The malleus and incus of C. sociabilis appear to be synostosed: the ossicles refused to separate even with high pressure delivered to their articulation with a sharp scalpel. Indeed, it is difficult to distinguish the articulation at all. The mean mass of the malleus and incus together was 3.10 mg (SD ¼ 0.22 mg, n ¼ 3). The lenticular apophysis also seems to be very firmly attached to the stapes, the pedicle breaking before the apophysis detached from the stapes head in the 3 specimens in which incus and stapes were separated.
The attachment of the anterior process of the malleus to the tympanic cavity wall is rather flexible and loose. As is often the case in mammals, the posterior incudal ligament, extending between the short process of the incus and a fossa just rostral to the bony tube for the facial nerve, is firmer. Slight pressure on the tip of the manubrium of the freshly-dissected specimens resulted in a clear movement about the conventional ossicular rotatory axis extending between the posterior incudal ligament and the anterior process of the malleus. The mean malleus lever arm length was 2.61 mm (SD ¼ 0.04 mm, n ¼ 4), the mean incus lever arm length was 1.05 mm (SD ¼ 0.13 mm, n ¼ 4).
When the lateral part of the bulla was prised away from the rest of the skull, the stapes in specimens 1, 2 and 3 was pulled out of the oval window, remaining in articulation with the incus. This was possible due to the unusual combination of the lack of a stapedial artery (or remnants thereof) extending between the stapedial crura, the lack of a m. stapedius tethering the stapes to the skull and an apparently weak annular ligament. In specimen 4, the pedicel of the long process of the incus snapped and the stapes remained within the oval window. This was probably because some clotted blood had accumulated within the pelvis ovalis, restricting the movement of the stapes. The middle ear of this specimen otherwise appeared to be normal.
The m. tensor tympani, the body of which is contained within a recess in the medial wall of the tympanic cavity (Fig.  1C) , is small. It inserts on the manubrium of the malleus (Fig.  1B) by means of a long, thin tendon, spanning the cavity. The m. stapedius is absent.
DISCUSSION
The auditory ossicles of C. sociabilis are similar in morphology to those of many other hystricognath rodents: the bullet-shaped malleus head and the small anterior process are distinctive ( Fig. 5 ; see also Cockerell et al. 1914; Doran 1878; Fleischer 1973) . Segall (1973) asserts that the malleoincudal articulation is flat in C. maulinus, although it is not clear whether this was based on an examination of separated ossicles or not. This articulation is subject to fibrous, cartilaginous or bony fusion in caviomorphs (Pye and Hinchcliffe 1976) : fusion of the malleus and incus is a very common feature of (adult) Honeycutt et al. (2003) . The only fossorial mammals known to have a fused malleus and incus are hystricognaths: Ctenomys (this study) and bathyergid mole-rats (Burda et al. 1992; Doran 1878; Mason 1999) . A fused malleo-incudal articulation is otherwise an unusual feature among mammals, the adaptive value of which, if any, is unclear. Pye and Hinchcliffe (1976) found a synovial incudo-stapedial joint in Octodon but do not mention that of Ctenomys.
Although middle ear muscle loss is rare among nonfossorial mammals, muscles are either missing or reduced in all fossorial mammals so far examined (see Burda et al. 1992; Mason 2001) . This might reflect a degeneration in auditory acuity (Mason 2001) . In fossorial rodents, it is consistently the m. stapedius that tends to degenerate: the loss of the m. stapedius in Ctenomys species (this study; see also Hinchcliffe and Pye 1969; Parent 1976; Pye 1972; Pye and Hinchcliffe 1976) conforms with this trend. Confusingly, Pye and Hinchcliffe (1976:195) also state that ''In man and some other mammals, e.g., the Gerbillinae, Octodon, Ctenomys and Mustela, the stapedius muscle is contained in a bony cavity.'' Whether the muscle exists as a few vestigial muscle strands but does not insert on the stapes, or whether this statement is simply an error is unclear. The stapedius muscle is apparently missing in all members of the superfamily Octodontoidea so far examined, with the exception of the Abrocomidae (Parent 1976; Pye and Hinchcliffe 1976) . Honeycutt et al. (2003) contend that the Abrocomidae are the sister-group to the other octodontoids, and that fossoriality evolved twice within the superfamily, in the Ctenomyidae and Octodontidae. If these two contentions are correct, stapedius muscle loss most probably occurred in the Octodontoidea after the divergence of the Abrocomidae, and the muscle's absence in Ctenomys therefore represents a plesiomorphic feature rather than an apomorphy that arose concomitant with fossoriality. Among the fossorial octodontids, the m. stapedius is said to be absent in Aconaemys (Parent, 1976) , for which the same conclusion would hold; Spalacopus, another member of the Octodontidae, has apparently not been examined but is also expected to lack the muscle.
The internal carotid artery together with its stapedial branch are generally obliterated in hystricognath rodents (Bugge 1971) , and were found to be absent in C. talarum (du Boulay and Verity 1973) . No trace was found in C. sociabilis, nor did any bony spicule extend between the crura of the stapes as in some other caviomorphs (Lavocat and Parent 1971; Mason 1999; Parent 1976 ). Pye and Hinchcliffe (1976) found that Octodon degus has an unicrurate (columellar) stapes; this is not the case in Ctenomys.
The stiffness of the middle ear apparatus is particularly important in determining senstivity to low frequencies (Relkin 1988) . In order to reduce stiffness and improve low-frequency audition, a mammal might be expected to increase the volume of the middle ear cavity, increase the size of the tympanic membrane, and/or increase the compliance of the ossicular articulations. The ossicles of Ctenomys are, in Fleischer's (1978) terminology, of the freely mobile morphology, and certainly appear to be loosely suspended within the middle ear cavity. This is typical of fossorial mammals (Burda et al. 1992; Mason 2001 ). Schleich and Vassallo (2003) show that middle ear volume is increased in ctenomyids relative to that in other caviomorphs. However, the extent of bullar inflation is variable among tuco-tucos: C. sociabilis is a species possessing relatively small bullae (Francescoli 1999) . In the chinchilla Chinchilla lanigera (not examined by Schleich and Vassallo 2003) , the middle ear volume is considerably greater than in Ctenomys by virtue of the expansion of the bullae caudally beyond the occipital condyles, laterally, and even dorsally to reach the skull roof (Mason 1999) . The tympanic membrane and ossicles of Ctenomys are smaller than those of Chinchilla and those of the guinea pig, Cavia porcellus (Table 1) . Both Chinchilla and Cavia are comparable in body size to Ctenomys and are known to have good low-frequency hearing (Heffner et al. 1994) . Although the middle ear structures of C. sociabilis do show some apparent low-frequency adaptations, these are by no means remarkable in comparison with those of these nonfossorial caviomorphs. It would be very interesting to examine the middle ear structures of a species of Ctenomys with more inflated bullae, such as C. pearsoni (Francescoli 1999) or C. minutus (Anderson et al. 1987) , in which more obvious lowfrequency adaptations might be found. Hemilä et al. (1995) used an electrical analogue model of the middle ear apparatus to predict high-frequency hearing limits (the highest frequency tone played at 60 dB sound pressure level that an animal will respond to) from anatomical data. Measurements of tympanic membrane area, malleus lever arm, and combined malleus and incus mass were used to scale experimentally-determined values of load, resistance, and compliance of the human middle ear up or down, for inclusion as parameters in the model. Predictions for the 36 mammalian species studied by Hemilä et al. (1995) were generally surprisingly accurate. Applying middle ear measurements (Table 2 ) to this same model, and substituting the malleus lever arm length defined above for the very slightly different malleus length used by Hemilä et al. (1995) , the highfrequency hearing limits of Ctenomys specimens 2, 3, and 4 are predicted to be 49, 53, and 50 kHz, respectively (ossicular mass data are lacking for specimen 1). Specimen 3, the only female, was the smallest examined, and it also had the smallest middle ear structures. This results in a slightly higher prediction of high-frequency hearing limit than for the two males, but the small difference is unlikely to be biologically significant. All three predictions are higher than those for Cavia (39 kHz), Dasyprocta (35 kHz), and Chinchilla (35 kHz), due to the smaller ear structures in Ctenomys (Table 1) . The predictions for Cavia and Chinchilla are in the right range: their highfrequency limits at 60 dB SPL have been measured at 49 kHz and 33 kHz, respectively (Heffner and Heffner 1985) . No Silva and Downing (1995) ; other data are from Mason (1999 behavioral data are available for Dasyprocta or Ctenomys to allow a comparison to be made. The Hemilä et al. (1995) model therefore predicts that the hearing range of Ctenomys extends to relatively high, ultrasonic frequencies. However, all subterranean rodents so far examined (Geomys, Nannospalax, Heterocephalus, and Cryptomys) have been shown to have hearing that is considerably restricted both in frequency range and sensitivity (Bronchti et al. 1989; Brüchmann and Burda 1997; Heffner and Heffner 1990 . All have high-frequency limits at 60 dB SPL below 20 kHz. These low values were not predicted for Geomys, Nannospalax, and Heterocephalus using the Hemilä et al. model (anatomical data are lacking for Cryptomys -Mason 2001) . It would appear that in these animals the cause of the restricted high-frequency hearing is not the middle ear apparatus but another part of the auditory system. The possibility of this being the case in Ctenomys too raises doubts about the validity of the prediction above, although it does suggest that there is nothing about the size of the middle ear apparatus that would by itself restrict hearing to low frequencies.
Many fossorial mammals have enlarged stapes footplates, yielding low area ratios (the ratio of tympanic membrane area to stapes footplate area-see Mason 2001 ). The mean area ratio among fossorial mammals is 17.1 (SD ¼ 7.8, n ¼ 24-Mason 2001) whereas the mean among nonfossorial mammals is 28.3 (SD ¼ 11.6, n ¼ 102- Mason 2001) . Although the functional significance of the low ratio in fossorial species is not altogether clear, it might relate to poor hearing sensitivity in air (Mason 2001) . The area ratio of C. sociabilis averages 26.4 (this study), high for a fossorial mammal but close to the mean for non-fossorial species.
Ctenomys sociabilis is evidently more sociable than many subterranean mammals (Lacey 2000; Lacey et al. 1997) , which might lead one to suspect that the tuco-tuco would retain sensitive audition to subserve intraspecific communication. However, both the naked mole-rat Heterocephalus glaber and the Zambian mole-rat Cryptomys have very restricted hearing ranges and high auditory thresholds (Brück-mann and Burda 1997; Heffner and Heffner 1993) , despite being social species with large vocal repertoires (Credner et al. 1997; Pepper et al. 1991) . Prairie dogs (Cynomys) and groundhogs (Marmota monax), which emerge from their burrows more often than mole-rats, have been found to have hearing intermediate between that of typical mammals and the degenerate hearing of more exclusively subterranean species (Boester et al. 1994; Heffner et al. 1994 Heffner et al. , 2001 . Ctenomyids tend to forage aboveground (Busch et al. 2000) and C. sociabilis individuals call to each other from different burrow entrances (Pearson and Christie 1985) . These calls have yet to be analyzed but might be expected to contain higher frequency components than do the subterranean calls of other tuco-tucos. If so, C. sociabilis might have experienced selective pressure towards maintaining more sensitive high-frequency hearing than many other subterranean mammals, including (perhaps) other Ctenomys species. Weir (1974) remarks that ctenomyids are probably sensitive to ground vibrations. However, seismic communication has not been observed in tuco-tucos (Francescoli 1999 (Francescoli , 2000 Schleich and Busch 2002) . Although the extraordinary ossicular hypertrophy in certain golden moles, believed to augment seismic sensitivity (Mason 2003a (Mason , 2003b , is not a feature of C. sociabilis, it should be borne in mind that the mole-rats Nannospalax ehrenbergi and Georychus capensis, known to communicate using seismic signals (Heth et al. 1987 (Heth et al. , 1991 Narins et al. 1992; Rado et al. 1987) , also lack significantly enlarged ossicles (Burda et al. 1992; Mason 2001) .
Whether the hearing of ctenomyids is more similar to that of their terrestrial caviomorph relatives, semifossorial prairie dogs, or to that of more exclusively subterranean rodents such as molerats can only be established by physiological or behavioral experiments. The results of the present study suggest that the middle ear apparatus of Ctenomys sociabilis, although showing features apparently consistent with the fossorial paradigm, is similar in many respects to that of other caviomorphs known to have good low-frequency hearing. In the case of the tuco-tuco, many of these fossorial features might well be plesiomorphic.
RESUMEN
A pesar del interés actual en el oído medio y la audición en mamíferos subterráneos, existe muy poca información en la literatura sobre el aparato del oído medio de los tuco-tucos (Rodentia: Ctenomyidae). En este estudio se disecó y se describe por primera vez el aparato del oído medio de Ctenomys sociabilis. Las estructuras del oído medio de esta especie resultaron ser muy similares a la de otros roedores caviomorfos, por ejemplo, en la ''forma de bala'' del martillo y en la fusión del martillo y el yunque. Los caviomorfos constituyen un grupo conservador en este aspecto. El m. stapedius no está presente en C. sociabilis: la pérdida de mùsculos del oído medio es comùn entre los mamíferos fosoriales, pero esta característica particular ha sido reportada en muchos otros miembros de la superfamilia Octodontoidea. Aunque el aparato del oído medio de C. sociabilis incluye aspectos consistentes con el paradigma fosorial, algunos de los cuales pueden ser interpretados como adaptaciones a sonidos de baja frecuencia, no está particularmente especializado en comparación a otros caviomorfos.
